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Environmental15
Decision
Fern Wickson
SCHOOL of BIOLOGICAL SCIENCES/
In contrast to traditional 'risk-based' approaches to environmental decision
making, this paper identifies the emergence of approaches based around the
process of negotiating uncertainties. I begin by presenting different typologies
of uncertainty before offering a synthesis conceptualisation of 'incertitude'. I
then consider the theoretical literature on how decision m aking processes can
develop to confront the challenges of different forms of incertitude and highlight
the distinction between applying a precautionary principle and adopting a
precautionary approach. Through doing so, this paper presents som e em erging
trends in the conceptualisation and stance adopted towards the uncertainties
inherent in environm ental decision making.
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Emerging Conceptualisations of
Uncertainty and Precaution
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In m odem industrial societies there is increasing scrutiny of new technologies,
not only for their potential impacts on hum an health, but also for their potential
impacts on the environment. As new technologies (such as genetic engineering)
generate heated social debate, governm ents are required to regulate these
technologies in a w ay that m inim ises negative impacts on social and biological
environments. The question of how this regulatory decision m aking process
proceeds forms the central concern of this paper. While the dom inant approach to
environmental decision m aking for new technologies has been one based around
a scientific quantification of risk, in this paper I describe an em erging approach
that bases decision m aking around the process of negotiating uncertainties.
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Thediscourseofriskhas increasingly com etodom inatedecision m aking processes'
and has been particularly prom inent in public policy deliberations relating to the
environmental impact of new technological developments.2 There is however
an em erging shift in the intellectual climate and literature on environmental
decision m aking away from a focus on quantifying the environmental risk o f new
technologies to an increasing concern with how scientific uncertainties are to
be m anaged and negotiated. While risk and uncertainty are inherently related
concepts, in the past, the primary focus of environmental decision m aking theory
has arguably been on how to quantify the environmental risks associated with an
activity or technology, whereas now, there is increasing attention being paid to
how the inherent uncertainties can be m ost appropriately handled.
'Risk-based' approaches to environmental decision m aking have generally
em ployed a realist concept of risk. This concept suggests that risks exist 'out
there' in the real world and can be objectively quantified by teams of scientific
experts. Governm ents em ploying this concept of risk therefore tend to adopt an
approach to decision m aking that privileges scientific know ledge and the advice
of 'experts) a science/risk based approach to environmental decision making.
The approaches to environm ental decision m aking that are now em erging in
the theoretical literature could be contrastingly described as precautionary and
'uncertainty-based'.
Precautionary approaches to environmental decision m aking tend to adopt a
constructivist rather than realist stance towards scientific know ledge and the
notion of risk. A constructivist position suggests that while risks m ay indeed be
'real', social values and cultural beliefs will always influence our ability to know,
understand and calculate the risk involved with any activity or technology. In
adopting this stance, the em erging approaches to decision m aking described
in this paper as precautionary, reduce the authority of scientific know ledge and
focus on how decision m aking processes negotiate the inherent uncertainties

associated with understanding the environmental impact of new technologies.
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A n important developm ent for understanding this em erging theoretical shift
from risk to uncertainty based processes for environmental decision m aking has
been the articulation of a num ber of different typologies of uncertainty.

Typologies of Uncertainty
O ne particularly influential contribution to the conceptualisation of different
types of uncertainty in environmental decision m aking has been presented by
Brian Wynne.3 According to W ynne's typology, 'risk' can only be talked about
authentically where the behaviour of a system is believed to be well characterised.
In this way, the probabilities associated with different outcom es can be thought
to be reasonably calculated - i.e. we can talk a b out'risk'w hen we have som e basis
to claim that w e 'k n o w the odds'. The second category in W ynne's typology is that

W ynne's third type of uncertainty is labelled 'ignorance' and refers to those
situations where 'w e don't know what we don't know'. Ignorance in this sense
refers more to ignorance in relation to the relevant questions rather than ignorance
about the answers. For example, in testing the environmental impact of chemicals
30 years ago, we w ere'ignorant'about the potential risks of endocrine disruption.
Rather than sim ply not having en o u gh information to make a judgem ent and
being uncertain, we were ignorant that this was in fact a potential risk and we
didn't know that we didn't know about it.
W ynne suggests that ignorance is endem ic to scientific know ledge as science
necessarily reduces com plex systems and the multitude of potential problem
formulations to those which are applicable to particular disciplinary m odels and
methods. Value judgem ents in terms of the relevant endpoints and pragmatic
considerations in terms of what is possible within a particular paradigm of
thought, timeframe or financial position all structure what develops as scientific
know ledge and this excludes other potential ways of framing a problem or
research approach. For Wynne, this inherent ignorance in the way scientific
know ledge develops really only becom es problematic when science is applied to
policy m aking w ithout a clear recognition of the limitations o f that knowledge.
The fourth category of uncertainty described by W ynne is 'indeterminacy', which
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of 'uncertainty', which is used to describe situations where important system
parameters are know n but the probability distributions are not - i.e. uncertainty
occurs when we 'don't know the odds'involved. 'Uncertainty', for W ynne relates to
a lack of know ledge and is therefore som ething that can conceptually be reduced
through further research.
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is said to arise because of the open-ended nature of causal chains and the way
in which outcom es are dependent on the behaviour of various agents engaged
in interconnecting systems. Indeterminacy is a type of uncertainty that relates
to the way in which behaviour can vary across different contexts and through
time and how different actions taken by hum ans will affect processes causing
environmental impacts. Recognition of the element of indeterminacy highlights
the importance of considering potential social interactions when aim ing to assess
the environmental impacts of new technologies. An example of indeterminacy
m ight be our inability to determ inethe behaviour of farmers and rural com m unities
when trying to assess the environmental risks of genetically modified (GM) crops.
W hat other crops, plants, animals, chemicals etc G M plants m ay be exposed to
over their lifetimes and how this will vary in different locations and times can be
seen to represent an element of indeterminacy for decision makers.
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W ynne argues that the traditional process of risk analysis was originally
developed in application to technological artefacts, w here system behaviour
could be well characterised and the probabilities associated with particular
outcom es reasonably calculated. W hen being applied to environmental systems,
however, this process of risk analysis fails to take account of the new types of
uncertainty (specifically ignorance and indeterminacy) that becom e important.
W hen policy deliberations use a traditional language of risk to consider the
potential environmental impacts posed by technological developments, the
full range of different form s of uncertainty involved is generally reduced so that
only uncertainty as incomplete know ledge is considered in the analysis. W ynne
suggests that the failure of traditional approaches to acknow ledge the existence
and importance of ignorance and indeterminacy in environmental risk assessm ent
fails to consider the way in which ignorance and indeterminacy can be sources of
risk in themselves.4
This conceptualisation of the different types of uncertainty affecting
environmental risk assessm ent processes leads W ynne to suggest that to
understand environmental harm we need'not only intense and open examination
of the scientific evidence and com peting interpretations in an area of interest'but
also 'reflexive learning...about the nature and inherent limitations in principle
of that knowledge'.5 To make our ignorance 'useable',6 W ynne suggests that the
issues of ignorance and indeterminacy need to be embraced in broader social
debate about the com m itm ent to particular technological trajectories.To achieve
this, regulatory cultures need to recognise the importance of these forms of
uncertainty and develop in a way that actively encourages public debate on not
only the costs and benefits involved with particular technological developments,
but also on the indeterminacies involved. This means that scientific research

used in policy settings should be opened to debate (or deconstructed) and
'renegotiated'through engagem ent with various stakeholders and the different
values and epistemological com m itm ents they bring to the process.7
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This notion of negotiation and critical reflection on the scientific know ledge
applied to m odern issues of risk and the environm ent has also been espoused
by Carr & Levidow through their description of the process of 'Negotiated
Science'.8 Carr & Levidow attach importance to the w ay in which environmental
questions can be differentially framed and the way natural and social systems
intertwine in issues of environmental risk. Em phasis is placed on the importance
o f'u n k n o w n s' in the anticipation of environmental impacts and the suggestion is
that these unknow ns (or different forms of uncertainty) require a new approach
to risk assessment. The suggestion that follows is once again that the challenges
associated with different types of uncertainty require a democratisation of the risk
assessm ent process through the encouragem ent of active public engagem ent
with the process and a broad based scrutiny of scientific evidence and expertise.
The idea is that to adequately address the different types of uncertainty involved
in environmental risk decisions, scientific know ledge needs to be 'negotiated'

In addition to W ynne's typology, Stirling10and Stirling & Gee11have also developed
a characterisation of different form s of uncertainty relevant to environmental
decision m aking for new technological developments. As uncertainty is a term
that is given a specific m eaning in the typology, however, Stirling and Stirling &
Gee use 'incertitude' rather than 'uncertainty' as the collective term for describing
what their typology characterises. The criteria used to classify different forms of
incertitude in this typology are know ledge about likelihoods and know ledge
about outcomes. According to this typology (and echoing W ynne's description),
'Risk'refers to situations where there is som e basis for assigning probabilities and
outcom es are well defined.'Uncertainty'is the title given to the type of incertitude
where outcom es are well defined but there is no concrete basis for assigning
probabilities to those outcomes.12 Again, this understanding of what constitutes
'uncertainty'is analogous to that presented by Wynne.
W here the characterisation of outcom es is poorly defined but there is som e basis
for assigning probabilities, this type of incertitude is referred to by Stirling and
Stirling & Gee as 'Ambiguity'. Elaborating on the factors that lead to this category
of incertitude, Stirling & Gee state that 'The multidimensionality, complexity
and scope of the different forms of environmental risk and the different ways
of framing and prioritising these risks can easily render the characterisation of
outcom es am biguous'.13 This characterisation of am biguity supports Carr &
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through deliberations including relevant stakeholders and the public.9

120

Levidow's em phasis o n the important impact divergent fram ing assum ptions can
play and is analogous to Klinke & Renn's description of am biguity as the'variability
of (legitimate) interpretations'stem m ing from'differences in interpreting factual
statements about the world or from differences in applying normative rules to
evaluate a state of the world)14 Stirling & Gee give the example of defining the
notion of'environm ental harm 'for the environmental release of G M crops as an
issue where am biguity is a particularly important element of the incertitude faced
by regulatory decision makers.15
The final type of incertitude in the typology developed by Stirling and Stirling &
Gee is entitled 'Ignorance'. Ignorance is said to represent the type of incertitude
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that is present when outcom es are poorly defined and there is no basis for
assigning probabilities. In the sense that this idea o f'ign o ra n c e ' relates to the
things we don't know we don't know, it can be seen to mirror the characterisation
provided by Wynne. Stirling however states that ignorance 'arises from many
familiar sources, including incomplete knowledge, contradictory information,
conceptual imprecision, divergent frames of reference and the intrinsic complexity
or indeterminacy of m any natural and social processes'.16This description of what
gives rise to a state of ignorance seems to conflate elements of what W ynne
separates as uncertainty (incomplete knowledge), indeterminacy (particularly
in relation to the interactions between natural and social processes) and
ignorance. This description of what gives rise to a state of ignorance also seems
to encom pass what Klinke & Renn would perhaps separate as am biguity (arising
from contradictory information and divergent frames of reference).
While these typologies differ in how they draw boundaries of distinction and define
what constitutes the different forms of incertitude relevant to environmental
decision making, I believe som e patterns can be extracted and developed into
conceptually useful categories. Firstly, there appears to be agreem ent that the
term risk is specifically relevant to situations where both potential outcom es
and the probabilities associated with those outcom es can be reasonably well
characterised. Uncertainty is a term that can be best applied to those situations
where there is som e agreem ent about the potential outcom es but the basis for
assigning the relevant probabilities is not strong. I w ould suggest that this state
o f'uncertain ty'stem s primarily from a perceived lack of relevant information or
incomplete knowledge. In this sense, uncertainty is a form of incertitude that
can conceptually be reduced by further research; it is a situation where there is
agreem ent on the potential outcom es but the research on which an assignm ent
of probabilities can occur needs further development. These understandings
of risk and uncertainty are those that have traditionally been em ployed in risk
analyses.

W hen attempting to assess the environmental impacts of new technologies and
their acceptability, new types of incertitude arise that are not well addressed by
traditional approaches to risk analysis and the notion of uncertainty as it has
been understood in these approaches. These types of incertitude can be titled
ambiguity, indeterminacy and ignorance. I w ould suggest that am biguity can be
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seen as a result of contradictory information and/or the existence of divergent
framing assum ptions and values. I w ould describe indeterminacy as the type
of incertitude that exists because of the intrinsic com plexity associated with
predicting the outcom es (and probabilities) associated with the interaction of
various open-ended social and natural systems, while ignorance can perhaps best
be used to describe our inability to conceptualise, articulate and therefore consider
the outcom es and causal relationships that lie beyond current frameworks of
understanding - the things we don't know we don't know.

associated with traditional risk assessm ent processes. M ore specifically, these
typologies enable us to see the way in which traditional risk assessm ent
processes generally fail to take account of incertitude in the forms of ambiguity,
indeterminacy, ignorance and even uncertainty in som e cases.17 Recognising this
inadequacy of traditional risk assessm ent processes, particularly w hen they are
applied to the environmental impacts of new technologies, is said to represent
'the real justification and imperative for adopting newly em erging precautionary
approaches'.18

Precaution: The Precautionary Principle
While applying precaution in environmental decision m aking m ay seem like
com m on sense, the articulation of a formal 'precautionary principle' for policy
m aking was a modification of the G erm an'Vorsorgeprinzip'19 and was originally
developed asa means tojustify regulatory restrictions placed on marine discharges
into the North Sea despite the existence of a lack of scientific consensus about
the causal relationships between these discharges and environm ental harm.20
The principle has now been widely adopted in both national and international
environm ental legislation and is particularly prevalent in debates over the
regulation o f the environmental impacts of new technologies.21
An early definition of the precautionary principle that is com m only cited was
given in the 1990 Bergen Declaration of European Ministers where it was stated
that"W here there are threats of serious or irreversible damage, lack of full scientific
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Through providing a way to conceptualise the different forms of uncertainty
that arise in attempts to assess the environmental impacts associated with new
technologies, these typologies of incertitude highlight som e of the limitations
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certainty should not be used as a reason for postponing measures to prevent
environmental degradation".22 W hen the principle was formulated in Principle 15
of the Rio Declaration that em erged from the 1992 United Nations Conference
on Environm ent and Developm ent (UNCED), the term 'm easures'w as changed to
'cost-effective m easures'AThe term'cost-effective'was added as an'oral correction'
by the delegate to this conference from the US and received formal objections at
the time from both delegates of the European Union and Japan.24
While specific definitions of the precautionary principle differ between countries
and pieces of environmental legislation,25 com m on elements of what constitutes
the principle can be identified. Firstly, the precautionary principle demonstrates
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a preventive or anticipatory approach to controlling environmental harm, rather
than a defensive or reactionary approach that seeks to remedy environmental
harm only after it has occurred.26 This can be viewed as a shift of environmental
decision m aking 'upstream '27 where policy is aimed at identifying and avoiding
potential sources of environmental harm before they occur ratherthan rem edying
the dam age once it has already taken place. Additionally, a precautionary
approach to environmental decision m aking sees a shift in the burden of proof
relating to environmental harm.28 Ratherthan the onu s o f proof resting with those
claiming an action is environmentally harmful, it becom es the responsibility of
those prom oting a potentially dam aging activity or technology to show that the
degree of environmental change associated with that activity or technology is
within tolerable bounds.
For the purposes of this paper, it is the relationship between precaution and
scientific uncertainty that is most pertinent. The precautionary principle
represents a clear recognition of the existence of scientific uncertainty in relation
to environmental assessm ents and suggests that it is important for decision
makers to actively consider the limitations of scientific know ledge w hen m aking
decisions about activities and technologies that are potentially harmful to
the environment. W hen the precautionary principle is adopted as a guide for
environmental policies, it becom es important to not only consider the weight of
scientific know ledge when m aking a decision but also the limitations associated
with that knowledge, the degrees of uncertainty involved and the implications
of this uncertainty for maintaining a preventative approach to environmental
harm.

Criticisms of the Precautionary Principle
While the precautionary principle can be seen to represent a shift in the basis
for environm ental decision making, the extent to w hich it enables engagem ent
with the full range of types of incertitude described above is debateable. It has

been suggested that som e of the existing interpretations of the precautionary
principle, although acknow ledging the importance of uncertainty for
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environm ental decision making, do not necessarily dictate an engagem ent with
the types of incertitude described in this chapter as ambiguity, ignorance and
indeterminacy.29 This is because the understanding of 'scientific uncertainties'
that is often adopted in application of the principle is one in which the only type
of incertitude involved is one conceptually reducible through further research.
This m eans that while the principle has developed to provide guidance for what

An additional criticism is that while the precautionary principle certainly offers
policy makers greater scope to acknowledge, clarify and engage with scientific
uncertainty, this can also be problematic because full scientific certainty is rarely,
if ever, claimed in relation to judgem ents of safety and therefore the degree of
uncertainty involved with any decision can be viewed as am biguous.30Additionally,
the usefulness of the 'cost-effective' criterion in relation to environmental
protection measures has been questioned because it necessarily implies that
there is adequate know ledge to predict the degree of potential dam age and
therefore enable an assessm ent of what a 'cost-effective' measure for avoidance
m ight be.31 Similar criticisms of the formulaic version of the principle suggest
that the idea of what counts as a threat, the criteria for judgin g seriousness or
irreversibility, how the degree of uncertainty is to be judged and the yardstick
fo rju d g in g what is cost effective are all issues for which no objective or single
rational answer exists.32 This means that applying the notion of precaution as a
dogm atic principle or rule becomes problematic at least and paralysing at worst.
Finally, while the precautionary principle m ay represent a desire to shift
the burden of proof, the issue of how far along the axis o f'g u ilty until proven
innocent'decision makers need to slide is also problematic. Does adoption of the
precautionary principle as a policy guide mean that decision makers are required
to avoid an activity at the slightest hint of danger? W hat does it take to 'prove'
innocence? W hat will constitute acceptable evidence? How will the inevitable
tradeoffs between safety and costs be decided when w eighing the available
information against potential avoidance m easures? These questions suggest that
while the precautionary principle may be seen to represent admirable sentiments
for environmental protection, important questions remain about how it can be
practically applied in political decision making.
The questions and criticisms of the precautionary principle presented here
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should happen under situations of scientific'uncertainty', it does not necessarily
enable or encourage an engagem ent with the important issues and challenges of
ignorance, indeterminacy and ambiguity.
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are just the tip of the iceberg in relation to the debates over the principle's
practical usefulness and how it can be translated into concrete decision m aking
processes.33 The com bined weight of the criticisms directed at the precautionary
principle is however seeing an em erging theoretical shift away from discussions
of how a specific 'precautionary principle' can be applied, towards a description
of what a'precautionary approach'to decision m aking m ight entail. In this sense,
the notion of precaution is m oving away from being a formulaic decision m aking
rule, towards what m ight be described as a particular process based approach to
decision making.

Precautionary Approaches to Environmental
Decision Making
Based on an explicit recognition of the importance of scientific uncertainty for
environmental decision making, the precautionary principle has been influential
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in enabling an acknow ledgem ent of the limitations of scientific know ledge for
assessing the future environmental impacts of certain activities or technologies.
In a precautionary approach to environmental decision m aking this translates
into the requirement for a greater degree of humility about scientific know ledge
in the face of various types of incertitude.34
Associated with this need for a greater degree of humility about scientific
know ledge is the requirement for a more reflective approach to science that
enables the know ledge to be examined, reflected upon and considered in terms
of the uncertainties, underlying assum ptions and subjectivejudgem ents involved.
This reflective approach to scientific know ledge can be undertaken by not only
exposing particular know ledge claims to the scrutiny of various other scientific
disciplines but also to stakeholders and the public more broadly- i.e. to a process
of 'extended peer review'.35 The suggestion that precautionary approaches to
decision m aking require humility and reflection on scientific know ledge therefore
leads to calls for broad based participation in decision m aking processes. Broad
based participation in decision deliberations is certainly justified when decisions
involve value judgem ents and widespread uncertainties, but it is also said to be
important for encouraging an engagem ent with the am biguities and subjective
elements involved in the framing of risk science.36
In addition to a reflective approach to scientific know ledge and theencouragem ent
of broad based participation in decision m aking processes, precautionary
approaches are also said to require detailed consideration of the benefits and
potential adverse effects associated with a range of alternative options.37 This
m eans that a range of policy options for delivering a particular g o o d or service
need to be considered w hen a particular activity or technology is judged in a

regulatory arena.38 This requirement to consider various alternatives has also
led to the suggestion that decisions need not necessarily focus on what is the
'best option' but perhaps also on how to maintain diversity, resilience, flexibility
and adaptability across a range of policy options.39 This is said to represent not
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only a way to handle am biguity (diversification offering a way to accom m odate
different values and interests) but also as a way to approach the challenges
associated with ignorance (when there are things we don't know w e don't know,
the best approach m ight be one focussed on flexibility and adaptability, or in
other words, 'not putting all our eggs in one basket').40While the idea of m aking
political decisions to encourage flexibility and minimise error costs may not be
a new idea in itself, it does represent an important point of difference between
what the precautionary principle says is important for decision m aking and what
is seen to constitute a precautionary approach.
Another important element in what constitutes a precautionary approach to
environmental decision m aking is stated as being the requirement for o n goin g
research and dedicated m onitoring efforts.41 Through a com m itm ent to o n g o in g
research and environmental m onitoring the idea is that uncertainty can continue

In sum m ary then, the elements of what represents a precautionary approach to
environmental decision m aking are:
1. A recognition of the limitations of scientific know ledge and a
willingness to expose scientific claims to a reflective process of'extended
peer review'.
2. A com m itm ent to reducing uncertainties and m inim ising surprises
generated by ignorance through o n g o in g research and monitoring.
3. A transparent handling of am biguity and indeterminacy through
reflection on scientific know ledge claims, broad based public participation
and the consideration and implementation of a range of policy options.
In general, a precautionary approach can be seen to represent a more inclusive,
democratic and reflective process for decision m aking than conventional
approaches to risk assessm ent where decision m aking is viewed as primarily
a technical matter and the advice of scientific experts is granted ultimate
authority.
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to be reduced and o ur degree of exposure to surprises that m ay arise due to our
ignorance can be minimised.42
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Science-Based and Precaution-Based Approaches to
Environmental Decision Making
Critics of using the notion o f precaution in environmental decision m aking often
em phasise the concept's vagueness and ambiguity, although this is criticism is
usually directed at the specific precautionary principle rather than the process
based precautionary approach to decision m aking that has been outlined above.
These critics of approaches to decision m aking that are based around the notion
of precaution often hold up science/risk-based assessm ent approaches as being
the preferred alternative. The claim that regulation should be'science/risk-based'
as opposed to 'precaution/uncertainty-based'appeals to the traditional im age of
science as providing certain and objective knowledge, revealing the real world as
it exists outside of social and cultural frameworks. The presentation of precaution
and science based approaches as representing mutually exclusive decision
m aking strategies serves to suggest that precaution based approaches result in
decisions that are not based on a rigorous assessm ent of the'facts'.
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As described in the introduction, a constructivist understanding of scientific
know ledge suggests that the 'facts' are always influenced by social factors and
subjective framing assumptions. As a precaution based approach accepts this and
attempts to provide a process for dealing with the various types of incertitude
involved in environmental decision making, this approach will usually be favoured
by those adopting constructivist positions on the nature of scientific knowledge. It
has, however, been argued that science-based and precaution-based approaches
to environmental decision m aking do not have to be conceptually separated
and that in fact, the type of precautionary approach outlined above holds a
more authentic claim to what it means to be'science-based'than the traditional
narrowly framed approaches to risk analysis.43
The argum ent in this case is that denying the existence or relevance of the
challenges associated with ambiguity, indeterminacy and ignorance for decisions
involving the prediction of impacts in complex, interacting and open-ended
systems does not really represent a rational approach to decision making:
"a precautionary approach's greater breadth of scope and attention to
a greater diversity of information and know ledge could be considered
m ore scientifically robust than the relatively narrow and uncertaintysuppressing tendencies of so-called science-based approaches like costbenefit analysis and risk assessment".44
The process of using risk analysis to make decisions has traditionally been

based on a belief in the certainty and objectivity of scientific knowledge. The
challenges associated with applying this approach to decision m aking regarding
the environmental impact of new technologies have largely been made visible
through the conceptualisation of new and different types of incertitude that are
involved in these types of decisions. These challenges are said to require a new
approach to decision m aking that is better able to acknow ledge and handle the
full range of types of incertitude; an approach that recognises the limitations of
scientific knowledge, engages the public and a range of different stakeholders in
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decision deliberations, assesses a range of different policy options and focuses on
the fostering of diversity, resilience, flexibility and adaptability -an approach that
has been characterised as precautionary rather than science based.
By distinguishing betw een'science'and'precaution'based approaches to decision
making, I do not mean to imply that approaches using scientific information cannot
involve the adoption of a position of caution or that precautionary approaches

based approaches, science is recognised as having limitations and this enables
a plurality of rationalities and value sets and a broader range o f concerns to be
recognised and embraced in the decision m aking process.
Calling these different approaches to decision m aking 'science' and 'precaution'
based may be m isleading and therefore we m ight better conceptualise the
key differences existing between these approaches as differences between
a technocratic approach, based primarily on scientific risk analysis, and a
m ore democratic approach focussed around the deliberative negotiation of
uncertainties. Which of these types of decision m aking is favoured in any given
situation will depend to a substantial degree on the nature of the problem at
hand, the extent to which a regulatory body adheres to a realist o ra constructivist
position on scientific know ledge and issues of risk and/or the degree to which
technocratic politics and ideology (the belief that environmental decisions
are technical and can be answered by scientific experts alone) have become
entrenched in society.

Conclusion
The conceptualisation and articulation of different types of incertitude arising
in decision m aking processes dealing with the environmental implications of
new technologies has revealed the limitations of traditional processes of risk
assessment. W hen m aking environmental decisions about new technologies,
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d o not involve the use of scientific know ledge or experts. W hat I am essentially
distinguishing between is the role and degree of influence awarded to scientific
know ledge and expertise. In science or risk based approaches to decision making,
science has traditionally held a m onopoly on authority, whereas in precaution-
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(such as genetic engineering) important forms of incertitude (ambiguity,
indeterminacy and ignorance) are not well acknowledged or handled by riskbased approaches to environmental decision making. There is an em erging
theoretical trend towards decision m aking approaches that foreground the
issue of negotiating incertitude. In distinction to a calling for the application of a
precautionary principle, these approaches represent a process based response to
what it means for decision m aking to be precautionary.
The em erging process based precautionary approaches, which focus on how
incertitude is handled, reimagine the role for science in environmental policy
and advocate more reflective, participatory and deliberative approaches to
decision making. The challenges associated with adopting and evaluating these
approaches should not be underestimated; however, that is a topic I will explore
in another paper.
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